To investigate the physical nature of the observed deficiency of stars in the very center of the Ursa Minor Dwarf Spheroidal galaxy, we recently obtained JCMT-SCUBA 850 µm photometry of this region. The observed void could be explained by ≈0.5 mag of extinction. While the amount of dust needed to produce such absorption (under certain assumptions for the dust temperature and the β exponent in the dust emissivity term) would yield a 5 mJy signal -easily detectable by SCUBA -we found no signal at 850 µm, after 256 min of integration. This finding rules out the presence of a few solar masses of cold dust cloud as the explanation for the central lack of stars observed in Ursa Minor. We discuss possible explanations.
Introduction
Not so long ago, dwarf spheroidal (dSph) galaxies were believed to be simple systems made up of just one generation of old stars. Although some peculiarities were observed in their photographic CMDs, the stellar populations of the Local Group dSph galaxies were thought, in general, to be similar to those found in the globular clusters of the Milky Way. Surprises started to appear in the late seventies with the discovery of numerous carbon stars in the Fornax dSph which implied the presence of an intermediate-age stellar population (Demers & Kunkel 1979) . The low-mass Carina dSph was found to be of intermediate age (Mould & Aaronson 1983) with multiple main-sequence turnoffs (Mighell 1990 ). HI gas was found in Phoenix (Carignan et al. 1991) , making its classification ambiguous, and more recently, HI gas was also detected in Sculptor (Carignan et al. 1998) which is the prototype dwarf spheroidal galaxy. The latest surprise is a strange population, observed in the center of Sculptor by HurleyKeller et al. (1999) , consisting in a spur of stars that extends from the main sequence turnoff. The evolution of dSph galaxies is clearly much more complex than previously believed.
In this context, three very recent papers, all based on HST observations, demonstrate the complexity of the evolution of the Ursa Minor dSph galaxy:
- Battinelli & Demers (1999 hereafter B&D) have confirmed the existence of a central density cusp
Send offprint requests to: S. Demers, e-mail: demers@astro.umontreal.ca (Demers et al. 1995) and discovered a statistically significant deficiency of stars in the inner 13 (radius of 4 pc) of the center of UMi. Only 73 stars down to V = 26 were counted in a region where a few hundred were expected based on an extrapolation of the surface density profile to the center of the galaxy. They proposed extinction by dust as a likely explanation for this lack of stars in the center; - Feltzing et al. (1999; hereafter FGW) have found (in an off-center region) a number of blue stars that seems to define a blueward main sequence. The number of these blue stars is compatible with the frequency of blue stragglers derived by Olszewski & Aaronson (1985) . Since no such stars are observed in the FGW offset field, these blue stars are likely UMi members; - Mighell & Burke (1999;  hereafter M&B) present a V , I CMD which shows that most of the UMi stellar population is similar to the ancient metal-poor Galactic globular cluster M 92. However, their CMD also shows a larger number of blue stars than seen by FGW -in a region that partially overlaps the B&D field. M&B do not comment on the nature of these blue stars. This result may be indicative of the presence of a population similar to the spur stars seen in Sculptor by HurleyKeller et al. (1999) . The placement of the M&B UMi field had little overlap with the UMi void discovered by B&D: only 34 M&B stars (20 < V < 25) are found to lie within the void. Considerably more stars would be required to determine if there is a systematic color difference between the stars in the void and those outside of it.
Moreover, Martinez-Delgado & Aparicio (1999; hereafter MD&A), using ground-based wide-field observations, have confirmed the presence of a strikingly well-populated blue plume interpreted by these authors as a tracer of an intermediate-age stellar population in UMi. Again, a comparison with a field well outside the UMi tidal radius shows that these blue stars are likely members of the UMi galaxy. Contrary to the conclusions of FGW, MD&A estimate that this blue population is about three times more abundant than the expected number of blue stragglers. Since evolved stars lose mass during their advanced stages of evolution, dust is expected -and has long been searched for -in the center of old stellar systems like globular clusters. However, attempts to find dust have too often been futile. At present, dust has been detected in only two clusters (47 Tuc: Origlia et al. 1996; NGC 6356: Hopwood et al. 1998) which is well below the expected number. As mentioned above, the stellar content of UMi is quite similar to one of the typical Galactic metal-poor globular clusters which suggests that dust could also be present in the UMi dSph.
The lack of dust in globular clusters is most probably due to their frequent passage through the Galactic disk. On the other hand, several factors suggest that it might be reasonable to expect that any dust in UMi, if it exists at all, would have a much greater chance of not be removed or destroyed because: i) UMi may never pass through the Galactic disk; ii) UMi's lower central stellar density means less efficient gas/dust removal by radiative pressure; iii) UMi is more massive than a typical cluster thus its gravitational well can retain more dust; and iv) UMi is quite distant compared to Galactic clusters which implies that both the hot halo gas and galactic radiation will be far less efficient mechanisms for dust grain destruction.
Observations and photometry
The data were obtained, on 2000 February 1st, using SCUBA in photometry mode on the 15-m James Clerk Maxwell Telescope (JCMT). The very center of the Ursa Minor galaxy, located at RA = 15 h 08 m 41. s 1 and decl. = 67
• 12 35 (J2000) was observed simultaneously with the 450 µm and 850 µm arrays. The SCUBA primary calibrator, Uranus, located 70
• from UMi was used, along with secondary sources selected from the JCMT catalogue to calibrate fluxes and check pointing and focusing. The beam-widths corresponding to the 850 and 450 µm bolometers are 14 and 8 respectively which projected on Ursa Minor are equal and smaller than the diameter of the void. The observations were done by integrating both on and off the source. A East-West chop throw of 60 arcsec at 8 Hz was adopted. The observations consisted in a series of 18 s integrations with skydips and pointing taken at approximately every hour. The total on-source time was 256 min. The data were reduced on line using, SURF (Jenness & Lightfoot 1998) . In the SCUBA photometer mode only the central bolometer of each array is used to observe the target. The outer bolometers are thus used to better correct the sky variations not seen by the chopping. In the 14 wide beam of SCUBA we measured 0.285 ± 0.856 mJy (S/N = 0.33) for the 850 µm beam and a negative flux with even a larger error for the 450 µm beam.
Discussion

Upper limit to the amount of dust in the core of Ursa Minor
There is no source, in the IRAS faint sources catalog (Moshir et al. 1992) , in the direction of the core of Ursa Minor. This fact implies that the dust, if any, must be too cold to emit at wavelengths shorter than 100 µm, or that there is not more than 0.5 M of dust at a temperature higher than 25 K. B&D have estimated the central stellar density of Ursa Minor to be ≈3 stars pc −3 , thus the stellar radiation field is low and the dust, if in equilibrium with the radiation field, would be a quite low temperatures. Models of dust heating in various environments (Mezger et al. 1982) show that the lacks of OB stars rules out temperatures greater than 25 K. Interstellar dust can however be heated in the vicinity of red giants, as Le Bertre et al. (1998) observations have shown. There is no red giant in the central region of Ursa Minor. The brightest star in the void is an horizontal branch star.
Adopting Zinnecker's et al. (1992) formulation (Eq. (5)) we can estimate formally the mass of the dust cloud producing the observed flux, eventhough the uncertainty attached to the above figure suggests that the flux may very well be nearly null. Only two parameters need to be selected: the temperature of the dust and the emissivity coefficient β. It is believed that if dust exists in the center of dwarf spheroidal galaxies it should be of different nature than the dust in the solar neighbourhood. Such dust should be similar to circumstellar dust rather than interstellar dust. This type of dust is believed to be amorphous carbon, therefore a β = 1.0 seems appropriate (Knapp et al. 1993; Mennella et al. 1995) . For a temperature of 25 K, the above flux yields a dust + gas mass of 4.5 M ± 15.3 and a larger mass of 21 M ± 70 for a lower temperature of 10 K. This is computed taking the distance of UMi to be 68 kpc (M&B). This mass would be within the JCMT beam of 14 or 4.4 pc. The larger mass, corresponding to the low temperature, would produce a visual extinction of A V ≈ 0.1. These values are compatible with zero dust and gas in the core of UMi.
The gas content of Ursa Minor
The disappointing absence of dust in the very center of UMi is however in good agreement with the recent Young's (2000) NRAO observations. In the central part of UMi Young found no more than 310 M of neutral hydrogen. The FWHM of the 140 ft NRAO telescope is 21 , much larger than our 14 SCUBA beam. If we assume, as reasonable, that HI is spatially distributed similarly to what the UMi stellar component is, we can adopt the radial stellar density profile given by B&D to evaluate the amount of HI expected in our SCUBA beam. In this way, we estimate that ≈0.5 M of HI is confined in our 14 disc, this (for any reasonable gas-to-dust mass ratio) implies no detectable dust in the very center of UMi. Finally, we stressed that the above amount of HI gas in the very center of UMi must be considered an optimistic upper value since: i) Young's detection of 310 M is an upper limit; ii) the adopted King profile (B&D) is calibrated on star counts in the inner part of UMi and thus results much steeper than other determinations, like e.g. in Irwin & Hatzidimitriou (1995) .
Expected dust production during the life time of UMi
The central stellar density of Ursa Minor, as evaluated by B&D, is ∼10 5 less than quoted values based on models of globular clusters (Illingworth & King 1977) . Taking into account the undetected white dwarfs in UMi, we can safely say that its central density is thousands of time less than the one of a typical globular cluster. Therefore, the amount of dust resulting from stellar mass loss during latest evolutionary phases will be correspondingly much less than what is expected in globular clusters. Indeed, Carrera et al. (2001) have calculated that the total mass converted into stars during the entire lifetime of UMi and currently lying within its inner 18 radius is 1.8 × 10 5 M . If, as above, we assume that this mass is radially distributed following the stellar density profile obtained by B&D, we can estimate that there are barely 500 M of stars in the inner 14 region, corresponding to the JCMT beam. This mass compares favorably with the number of stars in this central region. From the B&D stellar density quoted above we calculate that there are 879 stars in this small volume.
If we assume that the fraction of the mass returned into the interstellar space is 0.2, then there should be ∼100 M of gas and dust in the center of UMi. For a gas to dust ratio of 100 this would barely amount to 1 M of dust.
The orbit of Ursa Minor
From her proper motion study, Schweitzer (1996) estimated that the perigalacticon distance of Ursa Minor is ∼43 kpc and its apogalacticon distance is ∼81 kpc. Similar distances, namely 49 and 110 kpc, were calculated by Lynden-Bell & Lynden-Bell (1995) . We can thus say in confidence that Ursa Minor has never come close to the galactic disc. Therefore one cannot invoke the interaction with the galactic disc to explain the lack of dust.
We thus conclude that the non detection of a 850 µm signal is due to the low stellar density which yielded so little dust and not due to its removal by external mechanism. The deficiency of stars at the very centre of UMi is still unexplained.
